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Introduction {#sec001}
============

Online shopping has long entered a consolidation phase \[[@pone.0173333.ref001]\]. No longer just for early adopters, users are more diverse, and include sectors of the population who might until recently not have been familiar with conducting transactions over the Internet. Consumer policy has had to react accordingly, ensuring that the rules and regulations which apply to online shopping are up to date and effective in protecting all consumers--especially the most vulnerable---from abuse and from making mistakes which might undermine their trust in eCommerce as a whole.

In the EU, a series of policy initiatives, most notably the Consumer Rights Directive (2011/83/EU), pay particular attention to online shopping. These initiatives dovetail with another prominent EU policy priority, namely reinforcing the Digital Single Market, for which a trusted and secure online shopping environment is required \[[@pone.0173333.ref002]\].

The Consumer Rights Directive includes a general requirement that consumers be informed about the main characteristics of the products they are purchasing and various other aspects of electronic transactions. Such information is often missing, complex, unclear or hidden, despite existing relevant legislation \[[@pone.0173333.ref003]\]. Specifically, with regard to digital goods (such as films or games, which can be downloaded instantly), it requires traders to provide consumers with pre-contractual information on the functionality and interoperability of products. Functionality refers to the way the digital content can be used, including technical restrictions; interoperability to the standard hardware and software with which the digital content is compatible.

However, simply requiring traders to provide information might not be enough. Consumers must be able to find and interpret this information and use it to make good decisions. Without this ability, consumers will make mistakes, leading to disappointment, frustration, and ultimately lack of trust in online shopping. The evidence from behavioural economics suggests that the way information is presented can either facilitate or hamper decisions that are in the consumer\'s own best interest. This study was based on this assumption and sought to test how small changes to a website\'s design can affect purchase behaviour, with particular attention to the interaction with socio-demographic characteristics of the participant. In addition to contributing to the scientific literature, this article contributes to the evidence base from which policy-makers can draw upon to strengthen trust in the electronic marketplace.

Conceptual framework {#sec002}
====================

This study applies behavioural insights to policy-making, in the wake of a growing trend \[[@pone.0173333.ref004], [@pone.0173333.ref005], [@pone.0173333.ref006], [@pone.0173333.ref007], [@pone.0173333.ref008], [@pone.0173333.ref009]\]. It aimed to contribute to guidelines, elaborated by the European Commission, to EU member states on how to implement certain provisions of the Consumer Rights Directive (2011/83/EU). The applied nature of the study meant it welcomed behavioural insights from different schools of thought in the behavioural sciences, rather than adhering to a single theoretical framework.

The behavioural economics approach to policy issues is one called *libertarian paternalism*, whereby policy-makers make small, appropriate changes in the environment where a choice takes place (the *choice architecture*) to gently persuade (or *nudge*) people\'s behaviour \[[@pone.0173333.ref010]\]. It is libertarian in allowing consumers the freedom to do as they please, but paternalistic in facilitating the choice which is presumed to be in the consumer\'s best interest. In an on-line environment, the choice architecture includes such features as website design, warnings, and defaults \[[@pone.0173333.ref011]\].

In the case of digital goods, behavioural insights can help identify the elements to be included in the choice architecture of websites which sell them in order to nudge consumers into making satisfactory digital product purchases \[[@pone.0173333.ref010]\]. The premise is to change automatic behaviour, which characterises the repetitive activities of daily digital activities, such as email or Internet browsing. This routinized behaviour is guided by *fast thinking*, and can be changed without necessarily evoking a change in conscientious behaviour, governed by *slow thinking* \[[@pone.0173333.ref012]\].

Two behavioural insights were translated into nudges aiming to help consumers make compatible purchases: (a) highlighting the emotions associated with a particular behaviour leads to more effective warning messages \[[@pone.0173333.ref013], [@pone.0173333.ref014]\] and (b) visual images are more effective than text in leading to behaviour change \[[@pone.0173333.ref015], [@pone.0173333.ref016]\]. The experiment also tested whether providing relevant information at an early stage in the purchase process led to different behaviour than placing it at a final (i.e. checkout) stage. This test was specifically requested as an input to the policy-making process.

An analysis of the effect of socio-demographic factors and how they might interact with nudges was another objective of the study. With online shopping becoming a mainstream activity, the population of online shoppers has grown and incorporated a great variety of people. Against this setting, consumer policy has to consider that initiatives intended to protect consumers and increase their trust in the online shopping environment might have to display some variety as well. It is not possible, *a priori*, to know whether everyone will react similarly to a policy intervention, or whether these reactions will vary according to socio-demographic segment. This study, therefore, sought to answer the following research questions: (a) will the nudges work? (b) will age and education have an effect on behaviour? and (c) will the effects of age and education be affected, in turn, by the nudges? In so doing, the study aimed to contribute to future policy interventions aimed at protecting the consumer and generating trust in the online environment.

Nudges, socio-demographics and hypothesis development {#sec003}
=====================================================

Nudges {#sec004}
------

The nudges seeking to limit the number of incompatible purchases had to be realistic (i.e. their implementation had to be feasible in a real world environment, beyond the laboratory), policy-relevant (i.e. they had to represent an option that was being discussed in the EU consumer policy agenda) and theory-driven (i.e. there had to be justification for a nudge of this kind in the literature). In addition, only a few nudges could be tested, because of budget constraints.

Three nudges were selected for this study: a *warning message*, the *style* in which product information was provided (text vs. logos), and a change in the stage in the purchasing process at which this information was provided (*information placement*).

Warning messages have been shown to be an effective nudge, as they attract the consumer's attention, which can be overloaded by stimuli in the online environment \[[@pone.0173333.ref011]\], \[[@pone.0173333.ref017]\]. In this study, a warning message was placed on the checkout page, reminding consumers to select compatible purchases. It was intended to heighten perceived purchase risk, i.e. people\'s assessment of the probability of making a mistake and the severity of its consequences \[[@pone.0173333.ref018], [@pone.0173333.ref019]\], which should influence their behaviour \[[@pone.0173333.ref020]\]. Specifically, increased perceived purchase risk should lead consumers to search for more product information \[[@pone.0173333.ref021]\].

Two types of warnings were tested: a *traditional message* and a message appealing to the emotions of the user (*emotive message*). The introduction of emotion followed the general expectation that both *anticipated* and *anticipatory* emotions impact on consumers' cognitive processes \[[@pone.0173333.ref022]\]. Anticipated emotions refer to the expectation of emotions that will be experienced in the future, as a result of a decision. People therefore work these expectations into their decision-making process \[[@pone.0173333.ref023], [@pone.0173333.ref024], [@pone.0173333.ref025]\]. Anticipatory emotions, on the other hand, are immediate visceral reactions in the face of a risk or uncertainty \[[@pone.0173333.ref026]\]. We sought to elicit both types of emotion in the emotive warning message, expecting that it would lead to less impulsive and more cautious purchasing \[[@pone.0173333.ref027]\].

The second nudge was to use logos instead of text for providing key information on compatibility. A logo is an essential part of a company\'s image, and is intended to attract consumer attention and stimulate instant company recognition \[[@pone.0173333.ref028]\]. In the online domain, where consumer attention is highly sought after, logos have become more important than ever before \[[@pone.0173333.ref029]\]. Conveying compatibility information visually through logos should therefore be more effective in getting people\'s attention and making them choose compatible purchases.

A third nudge consisted of placing product compatibility information on the checkout page instead of the page where detailed information about the product is usually provided (the \'product description page\'). The reason for placing compatibility information at the checkout page was that this is the final, irrevocable, step in the shopping process, which should make buyers more attentive to key information.

Socio-demographics {#sec005}
------------------

There is ample evidence that highlights the role of socio-demographic factors in accounting for online shopping behaviour \[[@pone.0173333.ref030], [@pone.0173333.ref031], [@pone.0173333.ref032], [@pone.0173333.ref033]\]. On the other hand, some research claims that, once individuals become experienced e-shoppers, they behave in similar fashion regardless of their socio-demographic characteristics \[[@pone.0173333.ref034]\]. There is sufficient indication, at any rate, that some socio-demographic factors might be relevant and need to be considered in an analysis of online shopping. In our study, we focused on age, education and gender.

### Age {#sec006}

When discussing shopping behaviour generally, we can expect older consumers, because of their greater shopping experience, to be capable consumers, displaying a smarter and more sophisticated choice process \[[@pone.0173333.ref035], [@pone.0173333.ref036], [@pone.0173333.ref037]\]. Younger consumers, by contrast, may be more likely to use simple rules of thumb \[[@pone.0173333.ref038]\]. With regard to the propensity to shop online, the findings in the literature have been inconsistent. Some research shows that elder people are more likely to buy online than younger individuals, but others have found the opposite \[[@pone.0173333.ref039], [@pone.0173333.ref001]\].

With regard to making incompatible online purchases, however, it would seem that older consumers are at a disadvantage. The literature suggests that increased age is associated with difficulties in processing information and using the Internet effectively. This is partly because they are less likely to be Internet users in the first place. However, they also tend to lack the appropriate social networks to help them understand and navigate the electronic marketplace \[[@pone.0173333.ref040]\]. This is particularly true of over 65 year-old\'s, who grew up and lived their adult lives in very different circumstances and who now find themselves living in a world that has been changed by digital technology and which effectively has invalidated their \'experience of a lifetime\' \[[@pone.0173333.ref041], [@pone.0173333.ref042]\]. Generally speaking, older people are less interested in new technologies and are more likely to be overwhelmed by them \[[@pone.0173333.ref031], [@pone.0173333.ref033]\]. In this study, we expected older participants would be more prone to making incompatible product purchases.

### Education {#sec007}

With regard to education, the literature suggests that higher educated people handle the potential complexities that might arise when navigating online better. They display lower levels of computer anxiety \[[@pone.0173333.ref043]\] and show a greater ability to learn when handling a sophisticated system \[[@pone.0173333.ref044]\].

Regarding online shopping, previous studies show that more educated people are more likely to shop online than less educated people \[[@pone.0173333.ref045]\]. They were also more likely to be satisfied with the online shopping experience, suggesting that they were able to do it successfully \[[@pone.0173333.ref046]\]. Regarding this study, therefore, their greater competence in online shopping should make them less likely to make incompatible purchases.

### Gender {#sec008}

There are some notable differences between men and women when it comes to online shopping. For one, they prefer different products. Female consumers are more likely to buy clothes, jewellery and accessories than male consumers \[[@pone.0173333.ref047]\], who are more likely to buy electronics, sporting goods and car equipment \[[@pone.0173333.ref001]\]. But they also differ in their sopping orientation. Women have displayed higher shopping enjoyment, brand and fashion consciousness, and shopping confidence than men, who in turn have showed higher convenience and time consciousness than women. This suggests that women might be more hedonic and men more functional in their online shopping behaviour \[[@pone.0173333.ref047]\].

Women and men also differ in their attitudes to online shopping. One survey suggests it may be more appealing to men, as they showed significantly higher cognitive, affective and behavioural attitudes to online shopping compared to women \[[@pone.0173333.ref048]\]. Also, women seem to perceive a higher level of risk in online purchasing than men. Interestingly, having a site recommended by a friend reduces this risk perception and increases willingness to buy--and this effect is stronger among women than men \[[@pone.0173333.ref049]\]. All of these insights led us to include gender as a potentially relevant variable, but in an exploratory fashion (i.e. they did not translate into a working hypothesis).

Hypothesis development {#sec009}
----------------------

In sum, the study was guided by the following hypotheses regarding the effectiveness of nudges in preventing incompatible purchases and the possible effect of socio-demographic factors:

-   H~1~: the traditional warning message will lead to fewer incompatible purchases than the control condition (no warning at all).

-   H~2~: the emotive warning message will lead to fewer incompatible purchases than the control condition (no warning at all).

-   H~3~: the emotive warning message will lead to fewer incompatible purchases compared to the traditional warning message.

-   H~4~: information about product compatibility provided through logos will lead to fewer incompatible purchases than key information provided through text.

-   H~5~: information about product compatibility presented on the checkout page will lead to fewer incompatible purchases than information presented on the product description page.

-   H~6~: age will have a positive impact in the purchase of incompatible products: older participants will purchase a higher proportion of incompatible goods.

-   H~7~: education will have a negative impact in the purchase of incompatible products: more educated participants will purchase a lower proportion of incompatible goods.

The study also tested for interaction effects between the socio-demographic variables (age and education) and the experimental treatments (warning message, style and information placement). In other words, if there were a effect of age and education on the purchase of incompatible products, would this effect be the same in all experimental conditions? Or could it be that this effect is increased (or reduced) in the presence of a given nudge? Since it is difficult to predict *ex ante* the direction and magnitude of these interaction effects, this part of the investigation was exploratory and not guided by specific hypotheses.

Methodology {#sec010}
===========

Participants {#sec011}
------------

We conducted a computer laboratory experiment with 626 participants at the Laboratory of Research on Behavioral and Experimental Economics (LINEEX) in Valencia, Spain. Ethical approval was granted by the Human Research Ethical Committee of the Experimental Research Ethics Commission, University of Valencia. Instructions, mock websites and questions were in Spanish. The sample was representative of Spaniards who had purchased a digital good online at least once, according to the information provided by INE (*Instituto Nacional de Estadística de España*, the Spanish National Statistics Institute) in its Survey on Equipment and Use of ICT in Households, 2012.

The sample was obtained from a subject pool managed by LINEEX of over 25,000 volunteers. The recruitment system at LINEEX opened a call on its web page, only visible to those participants already registered in the database. Participants had to be knowledgeable about online shopping, and answered several questions to confirm their knowledge in the registration process. They also had to be new to LINEEX experiments (i.e. they could not have been a participant in a previous experiment at the same laboratory). Participants could register to one, and only one, session through the web page. They were randomly assigned to experimental treatments until the representative quotas for age and gender were completed in each treatment. After that, no more participants of the age group or gender whose quota had been reached were allowed to register. Two categorical age groups were used: 18--34 and ≥35. This resulted in a sample of 243 men aged 18 to 34, 147 men aged 35 and over, 77 women aged 18 to 34 and 159 women 35 and over. The oldest participant was 76 years old.

Experimental design {#sec012}
-------------------

Participants were randomly assigned to one and only one of the 12 experimental conditions. This process controlled for gender and age in order to maintain the representativeness of each treatment group. Once a given quota was fulfilled in a session, the recruitment system at LINEEX did not allow for additional registrations fitting that profile. The result was a 3 x 2 x 2 matrix which combined the following elements (see illustrative screenshots in Figs [1](#pone.0173333.g001){ref-type="fig"} and [2](#pone.0173333.g002){ref-type="fig"}):

-   Warning messages: No warning message, *traditional* warning message and *emotive* warning message.

-   Style: Compatibility information provided as text or as a logo (Windows or Apple for games; a US or EU flag for films).

-   Information placement: Compatibility information presented at different stages of the purchasing process (on the product description page or on the checkout page).

![Emotive warning message on the checkout page.\
Reprinted from <https://www.flickr.com/photos/146051417@N08/> under a CC BY license, with permission from LINEEX---Universitat de Valencia, original copyright 2016. Additional screenshots of webpages used in the experiment are available in [S1 Screenshots](#pone.0173333.s002){ref-type="supplementary-material"}.](pone.0173333.g001){#pone.0173333.g001}

![Compatibility information provided as a logo on the product description page.\
Reprinted from <https://www.flickr.com/photos/146051417@N08/> under a CC BY license, with permission from LINEEX---Universitat de Valencia, original copyright 2016.](pone.0173333.g002){#pone.0173333.g002}

These experimental treatments were designed paying attention to what could be feasibly achieved in an online shopping environment. Messages had to be short and sweet, and could not burden the shopping process nor cognitively overload the consumer. The anticipated emotion of disappointment due to an incompatible purchase was heightened with a brief subordinate clause (\'To avoid disappointment...\'). The anticipatory emotion of concern was conveyed with an emotion icon (emoticon) of a sad-looking face. Emoticons are often used as nonverbal cues to reinforce the emotive content of computer-mediated messages \[[@pone.0173333.ref050]\].

The traditional warning read: \'Please ensure that the product you are buying is compatible with the devices and systems you use\'. The emotive warning message read: \'To avoid disappointment, please ensure that the product you are buying is compatible with the devices and systems you use and the region in which you are\'. This additional mention of the region was an oversight, and limited the validity of a comparison with the traditional message (since, strictly speaking, the impact of the emotive component was not fully isolated), though not the analysis of the moderating effect of socio-demographic variables. To isolate the effect of the expressions conveyed by the emoticon, the traditional message contained an empty circle of the same size as the sad emoticon.

Implementation of the experiment {#sec013}
--------------------------------

The experiment took place over 13 sessions in October 2013. Participants started the experiment by viewing a large Microsoft Windows logo on their computer screens. A member of staff, who was the same for all 13 sessions, read the instructions out loud (participants could also read them at the same time) and asked participants if they could see the Windows logo on their desktops. This step was vital in the experiment, as it let participants know, albeit not explicitly, that they were using a computer with a Windows operating system.

Participants were told they had some virtual currency to purchase games and films on an e-commerce website over a period of 10 minutes, and that plenty of information was available to help them choose the best options. They were also informed they would have 15 minutes to enjoy their purchased products at the end of the shopping process. Moreover, at the end of the experiment, the amount of virtual currency spent on products that were effectively used (i.e. which were compatible) would be converted into real money. It was made very clear to the participants that, in order to be paid, they had to *use* the products, meaning they had to play a game or watch a movie for a minimum amount of time. At the end of the process, participants were paid according to their performance and escorted off the laboratory premises.

In all 12 experimental conditions, the information available to participants was clearly written on the description page for each digital product. This information included the products\' main characteristics and, most importantly, information on their functionality and interoperability (such as the compatible operating system, the country in which the product could be used, and technical details such as RAM, minimum processor speeds or graphic requirements). Each product had a prominently placed box, which summarised its compatibility with the operating system for games (Microsoft Windows or Apple) or with the geographical region for movies (Europe or USA). This information differed according to treatment groups described earlier: in some, compatibility information was only included on the checkout page, not on the product description page. In others, this information was presented in one of two formats: as text, or with logos. The product description pages also included some screenshots of the product, reviews and user comments (which participants were not able to amend). Effort was made to ensure that user comments for all products were qualitatively comparable, in order to avoid any effect due to word-of-mouth \[[@pone.0173333.ref051], [@pone.0173333.ref052]\].

Participants had enough virtual currency to purchase five products, which could be freely chosen from a total of 10 films and 10 games. Participants in a particular age group paid the same price for all products. However, in order to facilitate recruitment of the over 35 year olds, these participants were paid higher prices and were given more virtual money than participants under 35. In particular, the under 35 year olds were given 18 units and paid 3.6 units per product (leading to them to receive a maximum payment of €18) whereas the over 35\'s were given 27 units and paid 5.4 units per product (leading them to receive a maximum payment of €27). No fixed amount of money was guaranteed to participants. However, a minimum payment of €10 was established as a courtesy to those participants who would have been paid less on the basis of their performance.

Five films and five games were not compatible with the system in use, i.e. five films could only be watched in the US and five games could only be played on an Apple computer (hence the importance of the large Microsoft Windows logo on computer desktops at the start of the experiment). For the compatibility of films, this was not necessary as people obviously knew they were in Spain. The order of products on the homepage was identical for each participant, starting with an incompatible product in the top left corner for both movies and games.

The choice of films, also chosen in \[[@pone.0173333.ref053]\], and games as products rather than music was due to the greater role played by information in their purchase (music files are rarely incompatible on a PC). They were also preferred to e-books as they could be used more immediately. Using two categories of digital products, moreover, allowed a wider fit with the tastes and demographic characteristics of participants.

After confirming a purchase, participants could not cancel it. As they were only allowed to use the products at the end of the shopping simulation, they did not know whether they had made incompatible purchases until they reached this phase.

When they had spent all their virtual currency, or after 10 minutes from the start, participants received confirmation of how many of the products they had purchased were compatible and were paid accordingly. In this way, the experiment was fully incentivised. Participants had the incentive to buy goods they liked (as they knew they would have to actually experience them), and something that actually worked on the lab computer (otherwise they would not get paid for it).

Results {#sec014}
=======

The purpose of the experiment was to test if differences in the choice architecture of an online shopping website could lead to more compatible online product purchases and how this effect interacted with the profile of the purchaser, as formalised in Hypotheses 1 to 7. The empirical evidence to test these hypotheses is provided by the specification and estimation of an ANCOVA (ANalyisis of the COVAriance) model, which relates the behavioural measure, i.e. the number of incompatible goods purchased, with the different information frames presented in the treatments and the socio-demographic profile of the buyer. ANCOVA is required due to the presence of both continuous (age) and categorical (all the other) variables. To analyse potential interaction effects in the purchase of incompatible products, the model also included interaction terms between treatments and between treatments and socio-demographic variables.

The model\'s dependent variable is the number of incompatible products purchased, out of a maximum of five. The independent variables are determined by (1) the variable treatments: warning message (three levels), style (two levels), information placement (two levels) and (2) the profile characteristics of the purchaser: age (continuous), gender (two levels), education (four levels), employment (five levels) and frequency of online purchase of digital products in the last 12 months (five levels). Age was introduced in the model as a covariate since it is a continuous variable, and the rest of the categorical variables were introduced as fixed factors. [Table 1](#pone.0173333.t001){ref-type="table"} describes the variable treatments and their levels.

10.1371/journal.pone.0173333.t001

###### Variable Treatments and Levels.

![](pone.0173333.t001){#pone.0173333.t001g}

  Variable                Treatments                                                                                                                                                         Description
  ----------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------
  Warning message         No warning (control)                                                                                                                                               \-
  Traditional warning     \"Please ensure that the product you are buying is compatible with the devices and systems you use. ○\"                                                            
  Emotive warning         \"To avoid disappointment, please ensure that the product you are buying is compatible with the devices and systems you use and the region in which you are. ☹\"   
  Information placement   Product description page                                                                                                                                           Compatibility information is presented at the product description page
  Checkout page           Compatibility information is presented at the checkout page                                                                                                        
  Style                   Text                                                                                                                                                               Text says \"Windows\", \"Apple\", \"Europe\", or \"United States\"
  Logos                   A small icon showing the Microsoft Windows logo, the Apple logo, the European flag, or the flag of the United States                                               

The ANCOVA F-test is a useful tool to test the research hypotheses. This test can be applied without the normality assumption for large samples, like the one in this experiment \[[@pone.0173333.ref054], [@pone.0173333.ref055]\]. The use of the test requires, however, the independence of the observations and homogeneity of variance (homoscedasticity). The between-subjects design of the experiment, where each subject participated in only one treatment, ensures independence between observations. Finally, the Levene Test was applied to test the homoscedasticity hypothesis. The *p*-value for the Levene Test was 0.804 and the null hypothesis was not rejected. Therefore, the statistical assumptions required for the application of ANCOVA F test and use of ANCOVA model were satisfied and this methodology could be properly used to analyse the data.

The global ANCOVA F-test guaranteed the existence of significant effects in the model (p-value = 0.002). The detailed results of the ANCOVA for the treatments and socio-demographic variables are presented in [Table 2](#pone.0173333.t002){ref-type="table"}. Regarding the treatments, the table shows that the effect of *information placement* is significant (p-value = 0.011) and the effect *style* is not (p-value = 0.226). However, the F-test provided no conclusive evidence on the effect of the three-level *warning message* treatment (p-value = 0.076). *Age* is the only socio-demographic variable that is significantly related with the dependent variable (p-value = 0.008).

10.1371/journal.pone.0173333.t002

###### ANCOVA for the Treatments and Socio-demographic Variables.

![](pone.0173333.t002){#pone.0173333.t002g}

  Factor                              Source   Partial SS   df      F                                              *p*-value
  ----------------------------------- -------- ------------ ------- ---------------------------------------------- ------------------------------------------------
  Treatment variables (categorical)   Style    2.226        1       1.469                                          0.226
  Warning message                     7.829    2            2.583   0.076[\*](#t002fn004){ref-type="table-fn"}     
  Information placement               9.936    1            6.556   0.011[\*\*](#t002fn003){ref-type="table-fn"}   
  Profile variable (categorical)      Gender   2.807        1       1.852                                          0.174
  Education                           4.058    3            0.893   0.445                                          
  Employment                          4.985    4            0.822   0.511                                          
  Digital products                    6.142    4            1.013   0.400                                          
  Profile variable (continuous)       Age      10.869       1       7.171                                          0.008[\*\*\*](#t002fn002){ref-type="table-fn"}

Level of significance.

\*\*\* *p* \< 0.01.

\*\* *p* \< 0.05.

\* *p* \< 0.10; n = 626.

The estimated values of the parameters of the ANCOVA model are required to test the research hypotheses and complete the analysis of the effect of *style*. For the sake of interpretability, and due to the large number of parameters of the model, [Table 3](#pone.0173333.t003){ref-type="table"} only presents those parameters significant at the 0.05 level. In particular, the analysis yields the following results:

-   The coefficient associated to the traditional warning message is not significantly different to zero (*p-value* = 0.482), meaning H~1~ is not supported. There is no evidence that including a traditional warning message is more effective than including no warning at all.

-   The emotive warning message is more effective than no warning message (p-value = 0.015). H~2~ is supported. Specifically, the inclusion of an emotive warning message reduces the purchase of incompatible products by 0.908 units. Moreover, since the emotive message was effective and the traditional not, H~3~ is supported as well.

-   The *style* in which the compatibility information is presented (text or logos) has no influence on the number of incompatible products purchased by the subjects (p-value of the F test = 0.226, see [Table 2](#pone.0173333.t002){ref-type="table"}). H~4~ is not supported.

-   Compatibility information at the checkout page leads to fewer incompatible purchases than the same information placed at the product description page. H~5~ is also supported (p-value = 0.049).

-   Age exhibits a positive (estimated coefficient = 0.026) and significant (p-value = 0.004) relation with the purchase of incompatible products. The older the participant, the greater the number of incompatible digital goods purchased. H~6~ is supported.

-   Education has no significant effect on behaviour. H~7~ is not supported.

10.1371/journal.pone.0173333.t003

###### ANCOVA at the 0.05 Level.

![](pone.0173333.t003){#pone.0173333.t003g}

  Parameters                                                   B                                       Sd. Error   t        Sig
  ------------------------------------------------------------ --------------------------------------- ----------- -------- ------------------------------------------------
  Intersection                                                 1.416                                   0.504       2.810    0.005[\*\*](#t003fn003){ref-type="table-fn"}
  \[Information placement = product description page\]         0.642                                   0.325       1.975    0.049[\*\*](#t003fn003){ref-type="table-fn"}
  \[Information placement = checkout page\]                    0[ª](#t003fn004){ref-type="table-fn"}                        
  \[Warning message = emotive\]                                -0.908                                  0.374       -2.428   0.015[\*\*](#t003fn003){ref-type="table-fn"}
  \[Warning message = traditional\]                            -0.270                                  0.383       -0.704   0.482
  \[Warning message = no warning\]                             0[ª](#t003fn004){ref-type="table-fn"}                        
  Age                                                          0.026                                   0.009       2.895    0.004[\*\*\*](#t003fn002){ref-type="table-fn"}
  \[Information placement = product description page\] x age   -0.016                                  0.007       -2-217   0.027[\*\*](#t003fn003){ref-type="table-fn"}
  \[Information placement = checkout page\] x age              0[ª](#t003fn004){ref-type="table-fn"}                        
  \[Style = logos\] x age                                      -0.015                                  0.007       -2.109   0.035[\*\*](#t003fn003){ref-type="table-fn"}
  \[Style = text\] x age                                       0[ª](#t003fn004){ref-type="table-fn"}                        
  \[Warning message = emotive\] x age                          0.021                                   0.009       2.367    0.018[\*\*](#t003fn003){ref-type="table-fn"}
  \[Warning message = traditional\] x age                      -0.006                                  0.009       -0.665   0.506
  \[Warning message = no message\] x age                       0[ª](#t003fn004){ref-type="table-fn"}                        

Level of significance.

\*\*\* *p* \< 0.01.

\*\* *p* \< 0.05.

^a^ Parameter has been assigned a value of zero because it is redundant.

The analysis also uncovered significant interaction effects between experimental treatments and age (but not education). The direct effect of age on incompatible purchases is increased by the inclusion of an emotive warning message (p-value = 0.018; estimated coefficient = 0.021) and by presenting compatibility information at the checkout page (p-value = 0,027; estimated coefficient = 0.016). The opposite was true of using logos instead of text style: in this case, the nudge did help mitigate the effect of age (p-value = 0.035; estimated coefficient = -0.015).

Discussion and implications {#sec015}
===========================

This has tested how small changes in a website\'s design can induce more effective on-line purchases of digital goods. Data was obtained from a computerised laboratory experiment (n = 626) considering 12 treatments and paying special attention to the possible interactions of these treatments with age and education. The 12 experimental conditions were the result of a 3 x 2 x 2 matrix which combined warning messages (no warning message, *traditional* warning message and *emotive* warning message); style (compatibility information provided as text or as logo); and information placement (compatibility information presented at different stages of the purchasing process).

Results show that two nudges reduced the purchase of incompatible goods: an emotive warning message (as opposed to no warning message) and placing compatibility information on the checkout page (rather than on the product description page). A traditional warning message was no more effective than no message at all, and the style in which compatibility information was presented also did not have an effect. Age had a direct effect (older participants make more incompatible purchases), but not education.

The result of the emotive warning message is encouraging, and confirms that subtly tapping into people\'s emotions increase the effectiveness of nudges. The impact of placing compatibility information at the checkout stage confirms perhaps what we believe intuitively, namely that people will pay more attention in the final, irrevocable step, even though there is little in the literature to support this claim. Finally, the impact of age was as expected: older participants are less familiar with the Internet (they were not born into a fully-digital society) and face more difficulties in navigating it appropriately.

The interaction of this age effect with all nudges, regardless of their strength, was particularly insightful. It was stronger when combined with emotional warning messages and compatibility information placed at the checkout page, but weaker when logos were used instead of text. These results suggest a generational gap in response to nudges: while some nudges might be effective in reducing incompatible purchases in general, they may not be effective in mitigating the deleterious direct effect of age.

What could account for the inability of the emotive warning message and the placement of compatibility information at the checkout to mitigate the effect of age, given that they had proven to be effective in preventing incompatible purchases generally? Perhaps the use of emoticons (now superseded by *emojis*) in the emotive message appealed more to younger, who are more accustomed to them. Older people, on the other hand, might not interpret these signs appropriately. Regarding information at the checkout page, maybe older people are more patient and study information better at earlier stages of the purchasing process compared to younger people. Reassuringly, logos work well as nudges in general and to mitigate the effect of age as well.

These results have policy implications for the design of web interfaces and regulation that seeks to protect vulnerable consumers. Specifically, age is an important factor which mediates the effect of changes in user interfaces on behaviour. Therefore, regulation that seeks to protect vulnerable consumers should take note. Policy-makers should seek to test consumer protection initiatives specifically on the intended age group, as findings from other groups might not be generalizable.

In sum, nudging can be an effective policy tool for encouraging safe and satisfactory online shopping. This article offers just a glimpse of what is achievable. More testing on how nudges affect online behaviour is needed to generate a body of knowledge and guidelines on the appropriate design of online shopping sites.
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